Some kinds of vegetable oil and a partially-hydrogenated oil shorten the survival of the stroke-prone spontaneously hypertensive (SHRSP) rats compared with perilla seed oil, soybean oil and lard. The n-3/n-6 ratio of constituent fatty acids, phytosterol content and other factors in these oils have been proposed to affect the survival of this strain. Here, we examined the safety of a fat produced by the inter-esterification of perilla oil and lard (Perilla-Lard) on the bases of the survival of SHRSP rats. The mean survival time decreased in the order of the butter, the Perilla-Lard, the lard, the margarine and the partially-hydrogenated soybean oil (Hyd.Soy) group. The correlations between survival time and cholesterol content or phytosterol content in the diet were analyzed, and the probable health benefits of the new margarine-type fats made of animal fats and oils with high n-3/n-6 ratios were discussed.
INTRODUCTION
The stroke-prone spontaneously hypertensive (SHRSP) rat strain, established from the SHR and Wistar/Kyoto strains, develops hypertension and cerebral hemorrhage, particularly when a salt solution is given as drinking water. These three strains develop phytosterolemia more easily than other rat strains possibly due to a mutation in a ABC transporter. 1, 2) The addition of cholesterol to the diet prolongs the survival of this strain. 3) We found that canola oil, olive oil and some other oils shorten the survival of this strain by 15 to 40% depending on salt concentration as compared with soybean oil and perilla oil. 4, 5) Partially-hydrogenated soybean oil (Hyd.Soy) has a survival-shortening activity comparable to that of canola oil 4) but lard is as safe as soybean oil. Fats and oils have different effects on survival of SHRSP rats that can not be accounted for by the difference in their fatty acid composition. Thus we assumed the presence of minor components in some vegetable oils (survival-shortening factors) to explain such differences. 5) Recently, phytosterols have been proposed to form a part of the survival-shortening factors. Along this line, olive oil is exceptional in that its phytosterol content is the lowest but survivalshortening activity is the highest among the oils examined. 6) Efforts to identify the principle of survival-shortening factors have been continued, but it is possible to obtain a new type of fat without such survivalshortening activity by the inter-esterification of animal fat and perilla seed oil or flaxseed oil. The expected health benefits of such new types of margarine are as follows; their melting point can be modified by changing the ratio of fats and oils, and high n-3/n-6 ratios can be maintained by choosing lowlinoleic acid fats and oils. Cholesterol in animal fats has long been considered as a detrimental factor for atherosclerosis-related diseases, but recent epidemiological studies revealed that serum cholesterol level negatively correlates with all-cause mortality and cancer mortality. 7) Therefore, cholesterol in animal fats is unlikely to be a risk factor for diseases in elderly. Moreover, saturated and monounsaturated fatty acids are not converted to eicosanoids, the over and unbalanced production of which is a major risk factor for these diseases. On the basis of this back- No. 1 ground, we prepared margarine-type fats by the inter-esterification of animal fats and perilla seed oil, and compared the effect of an inter-esterification product (perilla oil and lard, Perilla-Lard) on the survival of SHRSP rats with those of butter, lard, a commercially available margarine and Hyd.Soy.
MATERIALS AND METHODS
Diets and Animals ---Test diets were prepared by mixing a basal conventional diet (CE-2; Central Laboratory of Experimental Animals, Clea Japan, Tokyo, Japan) with one type of fat at a 9 : 1 ratio. Butter (Y-brand) and margarine (N-brand) obtained from a local market were treated with hexane. The hexane layer was washed with water and the solvent was evaporated to obtain the fat fraction. Partially-hydrogenated soybean oil (mp., 30°C, a product for human consumption) was purchased from Hamari Chemicals, Ltd. (Osaka, Japan). SHRSP rats were purchased from Seack Yoshitomi Co.
(Fukuoka, Japan) and bred in our laboratory. Male rats from the same litter were divided randomly into different dietary groups and introduced to a test diet at 4 weeks old age. The rats were kept under specific pathogen-free conditions. Each of dietary groups comprised 12 animals and 0.25% NaCl was given as drinking water. This experiment was approved by the Ethical Committee of the Graduate School of Pharmaceutical Sciences, Nagoya City University. Analysis of Sterols and Fatty Acids in Diets ---Sterols extracted from diets with hexane/chloroform (4 : 1) after saponification were treated with a trimethyl-silylating reagent (Tokyo Kasei Kogyo Co., Ltd., Tokyo, Japan), and the trimethylsilyl ethers were analyzed by gas-liquid chromatography (GLC). The fatty acids of the diets were analyzed as methylesters by GLC using heptadecanoic acid as an internal standard as described previously.
8)
Inter-Esterification between Lard and Perilla Oil ---The inter-esterification reaction between lard and perilla oil (1 : 1) was performed with sodium methoxide as catalyst according to a conventional method used in cooking oil production. The degree of inter-esterification was monitored on the basis of the appearance of new molecular triacylglycerols using an HPLC system (LC-VP ver. 6.12 SP3) equipped with an evaporative light scattering detector (ELSD) detector (Shimadzu, Kyoto, Japan).
9)
Statistical Analyses ---Data were presented as means ± SEM. Statistical analysis of the survival data was performed by the Log-Rank and nonparametric Wilcoxon's signed rank tests. The computer program KyPlot ver. 2.0 (Kyence Inc., Tokyo, Japan) was used.
RESULTS AND DISCUSSION
The fatty acid and sterol compositions of the diets are shown in Table 1 . Butter, lard and PerillaLard exhibited typical expected fatty acid compositions. From the fatty acid composition of margarine, it appears to be of the hard type composed of partially-hydrogenated vegetable oil(s) and untreated vegetable oil(s). The proportions of trans octadecenoic acid, 5.2% in the margarine and 19.2% in Hyd.Soy, can be a rough measure of the ratio of hydrogenated oil to untreated oil.
The mean survival time decreased in the order of butter, Perilla-Lard, lard, margarine and Hyd.Soy groups (Fig. 1) . The mean survival time of the Hyd.Soy group was comparable to that of the canola oil group, and those of the butter and soybean oil groups were similar (data not shown).
The difference in the mean survival time between butter and Perilla-Lard groups was not significant (p = 0.066 in Log-Rank test and p = 0.051 in the Wilcoxon's signed rank test), the mean survival time of Perilla-Lard group tended to be longer than that of lard group (p = 0.053 in the Log-Rank test and 0.033 in the Wilcoxon's signed rank test), the mean survival times of the butter and Perilla-Lard groups were significantly longer than that of the margarine group (p < 0.002 in both tests), and the difference between lard and margarine groups was significant (p < 0.02 in both tests). The mean survival time of the Hyd.Soy group was significantly shorter than those of the butter, Perilla-Lard and lard groups (p = 0.000 in both tests), and also shorter than that of the margarine group (p < 0.01 in both tests).
Phytosterols, which are competitive inhibitors of cholesterol absorption in the intestine, have been shown to shorten the survival of SHRSP rats, but dietary cholesterols have been shown to prolong it. 3, 6) The contents of cholesterol and major phytosterols in the diets are shown in Table 1 . The basal diet (CE-2) contained cholesterol derived from fish meal and skimmed milk. In addition, butter, Perilla-Lard and lard contain cholesterol. The mean survival time correlated positively with cholesterol content in the diet and negatively with phytosterol content, except for the Perilla-Lard group; the phytosterol content in the Perilla-Lard diet was comparable to that in the margarine diet but the survival of the former was much longer than that of the latter (p < 0.02). This could be attributed to α-linolenic acid-rich perilla oil, which is known to prolong the survival of SHRSP rats. 8) Similarly, high-linoleic and high-oleic types of safflower oil had similar phytosterol contents but their survival times were very different. 4, 10) Thus, phytosterol is a factor affecting the survival of SHRSP rats, but other factors are also involved.
The SHRSP, SHR and Wistar/Kyoto (WKY) rat strains are unique in that they develop phytosterolemia more easily than other rat strains.
1,2) Until now, the impact of the observed survival-shortening activity of some fats and oils on human nutrition remains inconclusive. 11) However, new types of fat (margarine) made of animal fats and perilla oil or flaxseed oil may be accepted particularly when the elevation of n-3/n-6 ratio in foods is recommended and cholesterol intake is shown not to positively correlate with mortality from cardiovascular diseases. 
